In this research, Taguchi method was applied to determine optimum parameters of doping process of cerium vanadate with Be, Mg, Ca, Sr, and Ba ions. Percentage and type of doping ions are used as parameters in optimization process applied as orthogonal array to decrease the number of experiments. The calculated unit cell volume by Rietveld Refinement analysis via X-ray diffraction data (XRD) were used to confirm the formation of doped cerium vanadates. ANOVA method was applied to determine the effectiveness of the parameters.
INTRODUCTION
The fundamental key of the industry's success is product quality concerning of the customers and manufacturers with consistency and production rate (1) . There are many factors contributing to production which is directly related to quality. In 1920s, Fisher (2) determined the optimum treatments in order to produce the best conditions called Design of Experiments (DOE) as a statistical approach to investigation of a system or process. DOE as a statistical approach give only the relationship between input and output data. On the other hand, a fractional factorial design can be described by selecting a limited number of experiments including the most informative possibilities in order to reduce costly and time-consuming experimental procedure (3, 4) . The complexity and non-clear guideline of this optimization method caused to form innovative approaches. Dr. Genichi Taguchi (1) developed an optimization method entitled Taguchi Method to consider these difficulties of the previous methods (5, 6) . In the last two decades, Taguchi Method has drawn much more attention in many applications such as process optimization (7, 8) , component design (9) , and manufacturing system (10) due to its practical application for determining optimum parameters for high quality systems.
The third period of transition metals in the periodic table is called lanthanides or rare earths which contain fifteen different elements such as La, Ce, Pr, Nd, etc. Among them, cerium exists in several organisms instead of calcium to accumulate in the bones in very little amounts. Also, human blood, bones, and tissue contain 0.001 ppm, 3 ppm and 0.3 ppm of cerium, respectively. Cerium's biological role has not yet been known, but it is estimated that cerium salts can stimulate metabolism, and be toxic in excessive quantities (11) . On the other hand, vanadium is a transition metal in the second period that is found in high concentrations in the earth's crust, fossil fuels, soils, and oceans. Vanadium plays an active role in biological systems due to the diversity of oxidation states changing from 1+ to 5+ (12) . The rare earth orthovanadates (REVO4), containing both a rare earth metal and vanadium, have been intensively studied to investigate their biological, physical and chemical properties since their crystal structures were determined (13, 14) . The desired cerium-and vanadium-containing compound can be obtained considering this unique structure. Rao and Palanna synthesized cerium orthovanadate for the first time via conventional solid-state ceramic method, in 1995 (15) , and investigated electrochemical properties of the material after four years (16) . Our research group synthesized cerium vanadate by innovative microwave method using cerium sulfate and vanadium(V) oxide (17) , and applied this compound and derivatives against xanthine oxidase as inhibitor (18) . Since the 2000s, doping processes of cerium orthovanadate with rare earths, heavy metal, alkaline and alkaline earth metals have been studied (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) .
In this work, we have investigated a previously unreported microwave-assisted synthesis route for doping cerium vanadate with alkaline earth elements. The host material cerium vanadate has been purely obtained in a short time (10 min) by using microwave irradiation as previously described (15) . The commonly presence in nature alkaline earth elements in doping process are chosen to reduce the possible toxic effects of cerium. Taguchi method and ANOVA have been applied to identify the significance of selected parameters related to doping process of cerium vanadate with Be, Mg, Ca, Sr, and Ba ions. The conformation of formation of the doped cerium vanadate derivatives have been controlled via calculation of unit cell volume by Rietveld Refinement analysis using X-ray diffraction data (XRD).
MATERIALS AND METHODS

Mathematical approach of Taguchi
Taguchi approach utilizes orthogonal arrays from design of experiments theory to study a large number of parameters with a small number of experiments. A significant advantage of the Taguchi method is that it performs an experiment with a decreased number of tests, protection the fastness in the analysis (30) . The number of experiment can be reduced by using orthogonal arrays. An example typical orthogonal array is shown in Table 1 describing all combination of parameters. That is, nine experiments are to be carried out to study four variables at three levels. Thus, this design reduces 81 configurations to 9 experimental evaluations. Table 2 displays doping process variables and chosen levels for each experiment.
Two independent variables at five levels each were selected because of increasing diversity and not applied before: doping element type (Be, Mg, Ca, Sr, and Ba) and doping percentage (2%, 4%, 6%, 8%, and 10%). The following parameters were maintained constant in all tests during experimentation: Temperature of synthesis (800 °C), time of synthesis (2 hours), host material (CeVO4), and starting material types as oxides (BeO, MgO, CaO, SrO, and BaO). Table   3 shows Taguchi orthogonal array for doping parameters of cerium vanadate to decrease number of experiment. Optimal working conditions which determined at the end of the experiment must be given very close performance at different conditions and times. The optimization criteria used to realize this can be summarized that variability around performance value must be under control at minimum level. The signal to noise ratio (S/N) is a performance criterion according to Taguchi and classified in three subsections: lower is better, higher is better or nominal is better. In this optimization study, the aim is obtaining minimum expansion means the lowest unit cell volume after doping process, the statistical evaluation is chosen as 'lower is better'. The S/N ratios for the 'lower is better' option was described by the following equation (31):
where t, n, Y stand for experiment number, trial number and performance criteria, respectively. The quantitative effect and the percent contribution of the above mentioned processing parameters to the unit cell volume of doped cerium vanadate was determined using analysis of variance (ANOVA).
SYNTHESIS AND CHARACTERIZATION
All reagents were supplied as analytically pure by Sigma and Merck companies. Ceric sulfate and sodium orthovanadate were employed for preparation of host material cerium vanadate.
The preparation of cerium orthovanadate was carried out by grinding CeSO4 and Na3VO4 in a molar ratio 1:1 in an agate mortar followed by microwave treatment in a domestic oven (2.45
GHz, 850 W power) for 10 min as described before (15 with space group I 41/amd. Since the crystal structure of cerium vanadate belongs to a tetragonal system, the lattice parameters a and c can be calculated using following formula.
(Eq.
2)
The unit cell volumes calculated by XRD pattern by Rietveld refinement method from the 25 combinations of processing variables and S/N ratios are given in Table 4 . The volume of unit cell is a very important criterion both as a success of doping process and as an indicator of doping an element without expansion. Table 5 which displays doping element type is the most significant parameter on the success of doping process of cerium vanadate with 95 % confidence interval. In conclusion, as an optimization technique, Taguchi Method was used to determine the most effective doping process parameters on cerium vanadate doping process with Be, Mg, Ca, Sr and Ba ions. Unit cell parameters and volumes used for comparison were calculated by powder XRD pattern. The type of doping element is the most significant parameter with nearly 95 %.
The number of experiments, thereby time and energy consuming were minimized and the significance of the parameters were defined owing to Taguchi method.
